Adolescents with life-limiting illnesses have intensive end-of-life trajectories and could benefit from initiation of hospice services. The medical home model, which includes having a usual source of primary care, may help facilitate quality outcomes at the end of life for adolescents. The purpose of this study was to determine the relationship between having a usual source of primary care on hospice utilization and end-of-life transitions among adolescents between 15 and 20 years with a life-limiting illness. A retrospective cohort design used 2007-2010 California Medicaid claims data (N = 585). Our dependent variables were hospice utilization (ie, hospice enrollment and hospice length of stay), and the independent variable was usual source of primary care. Multivariate regression techniques including least squares regression, multivariate logistic regression, and negative binomial regression were used in the analysis of the relationship between usual source of primary care and hospice utilization and end-of-life transitions. Ten percent of our sample used hospice services. Having a usual source of primary care was associated with an increase in hospice enrollment, hospice length of stay, and end-of-life transitions. Adolescents with a cancer diagnosis were more likely to enroll in hospice services. For adolescents at the end of life, having a usual source of primary care had a significant effect on hospice enrollment and length of stay. This study is among the first to demonstrate a relationship between primary care and hospice use among this vulnerable population.
INTRODUCTION
Nearly 27 000 youth between the ages of 10 and 24 years die each year in the United States. 1 As many as 4000 deaths among adolescents are attributed to serious, life-limiting health conditions. 2 There is very little empirical knowledge pertaining to end-of-life care trajectories for adolescents with life-limiting conditions. Adolescents are at risk for receiving fragmented care because they are caught between the worlds of pediatric and adult providers, as well as between primary care and numerous specialist providers. Meanwhile, the number of youth with life-limiting conditions is increasing, and determining appropriate end-oflife care transitions (meaning, transitions between multiple care providers and environments of care) can be particularly challenging secondary to the increased intensity of service provision and clinical uncertainty that occur during the time preceding death. [3] [4] [5] [6] Thus, adolescents represent a particularly vulnerable population at the end of life.
What we do know about caring for adolescents at the end of life is limited. Nearly three fourths of young people who die do so in an acute or intensive care setting without comprehensive palliative or hospice care management and are at risk for numerous burdensome transitions between multiple providers at the end of life. 3, 5, [7] [8] [9] [10] [11] To this end, the holistic model of care that hospice provides represents an opportunity for patient-and family-centered endof-life care for young people. [12] [13] [14] Hospice care offers a comprehensive approach to end of life for those with life expectancy of 6 months or less, which incorporates symptom management, psychosocial and spiritual needs, life review, and continued goal setting. 12 From a developmental perspective, adolescents at the end of life are at particular risk for anticipatory grief and changes in peer relationships, which can make elements of life review and existential processing even more critical. 6, 15, 16 Literature also suggests that they have numerous unrelenting symptoms at the end of life such as pain, fatigue, and sleep disturbances. 17 There are several documented barriers to hospice utilization for young people, but it is known that quality communication with care teams and early goals of care discussion can help foster hospice enrollment. 12, [18] [19] [20] Continuous primary care is a central tenet of the medical home model, and for those with life-limiting illnesses, primary care providers are often key to comprehensive communication between specialists as well as fostering goals of care discussions. 21, 22 Preliminary work in this area suggests that, compared to other pediatric age groups, adolescents are most influenced by their relationship with a primary care provider. 23 However, a major concern among adolescents is aging out of service with their usual source of primary care. Many pediatricians, for example, require adolescents to find a family practice or internal medicine provider once they reach 18 or 19 years, which often disrupts the trusted relationship that has formed between the adolescent and provider over the youth"s lifetime. We posit that having a usual source of primary care would help foster hospice utilization and reduce end-of-life transitions among adolescents with life-limiting illness. Therefore, the purpose of this study was to elucidate the relationship between a usual source of primary care and end-of-life care delivered to adolescents (including hospice utilization and end-of-life transitions).
Conceptual Model
The conceptual foundation for this study is based on a modification of the Andersen Behavioral Healthcare Utilization Model, 13 which explains why individuals use health services. 24 Central to the Andersen model is the notion that healthcare utilization is a result of predisposing factors that are family centric, enabling factors that either promote or impede use, and the underlying need for service utilization. 24 For this study, a critical enabling factors among adolescents at end of life was conceptualized as a usual source of primary care, while healthcare utilization was conceptualized as hospice utilization and end-of-life transitions. From the perspective of the Anderson model, a usual source of primary care may enable adolescents to use hospice care and reduce end-of-life transitions through care coordination and navigation because they work with adolescents and their families to ensure quality care at end of life. Thus, we hypothesized that usual source of primary care would influence hospice utilization and end-of-life transitions.
Our covariates in the model were also guided by the Anderson Model. Predisposing factors of end-of-life service transitions and hospice utilization include demographics such as (1) sex, 25, 26 (2) race, 25, 27 and (3) ethnicity. 27 Enabling factors include (1) concurrent private insurance 27 and (2) case management. 18 Need for health services includes (1) health condition (cancer, neurological and cardiovascular etiologies) and (2) comorbidities, both of which may affect the likelihood that the serious illness offers the ability to prognosticate and the amount of burdensome symptoms. 27 Thus, our research question and variable definitions were guided by predisposing, enabling, and need factors that have the potential to affect transitions and hospice use among adolescents with life-limiting illness.
METHODS

Design and Sample
This study was a retrospective cohort design examining the relationship between usual source of care and end-of-life transitions and hospice utilization. Adolescents were included if their age at death was between the ages of 15 and 20 years; died between January 1, 2007, and December 31, 2010, based on the Social Security date of death; were enrolled in the California Medicaid program for any part of their last calendar year of life; and had a diagnosis of a complex chronic condition based on the International Classification of Diseases, ninth revision (ICD-9) code as recommended by Feudtner and colleagues. 28 Adolescents were excluded if they had missing entries in study variables and were not California residents. In addition, the adolescents who participated in Medicaid managed care plans were excluded because their claims data were not included in the Medicaid data files. The selected sample consisted of 585 adolescents. Our study was approved by the institutional review board at the University of Tennessee in Knoxville.
Data Sources
The data were retrieved from the California Medicaid claims files (Medicaid Analytic Extract [MAX]), 2007-2010. We used the Medicaid Person Summary file for enrollment and demographic information and the MAX Other Services files for procedure codes (Current Procedural Terminology) for hospice care services and ICD-9 diagnosis codes. Medicaid claims data were used because they include transitions and hospice utilization information. California was chosen for this study because it has the largest population of adolescents enrolled in Medicaid of any state. 29 
Measures
Dependent variables. Three measures of end-of-life transitions and hospice utilization (hospice enrollment and hospice length of stay) were developed for this study. The first measure, end-of-life transitions, was the sum of inpatient stays, outpatient visits, and clinic visits divided by the number of months the adolescent was enrolled in Medicaid during the last calendar year of life. 10, [30] [31] [32] [33] [34] The second measure, hospice enrollment, was defined as whether the adolescent enrolled in outpatient hospice care during the last calendar year of life. 23, 35 This variable was created using data from the MAX Personal Summary Record type with service indicator code 35 Services Record using revenue codes 651, 652, 655, and 656. The third measure, hospice length of stay, was operationalized as a daily count of outpatient hospice care encounters in the last year of life. 36 Daily counts of hospice length of stay were derived from the per diem payments to hospice using the MAX Other Services hospice revenue codes.
Independent variable. Usual source of care was operationalized as whether the adolescent was an established patient with an identified primary care provider during the last year of life. 23, 37 Covariates. Predisposing characteristics of the adolescents were sex, race, and ethnicity. Sex was defined as male or female. Race was categorized as Caucasian or non-Caucasian, and ethnicity was Hispanic or non-Hispanic. Enabling characteristics included private insurance and case management. Whether the adolescent had private health insurance in addition to Medicaid was the measure of private insurance. Case management was categorized as having an assigned Medicaid case manager or not. Need characteristics were diagnoses (cancer, neurological, or cardiovascular) and comorbidities. Separate variables were created for the complex chronic conditions: cancer, neurological (ie, brain and spinal cord malformation, moderate and severe intellectual disabilities, cerebral palsy, epilepsy, muscular dystrophies), and cardiovascular (ie, heart and valve malformations, cardiomyopathies, conduction disorders). Comorbidities were defined as having two or more complex chronic conditions.
Data Analysis
Descriptive statistics were calculated for adolescents in the sample using pooled, cross-sectional data. Separate multivariate analyses with year fixed effects were conducted for end-of-life transitions, hospice enrollment, and hospice length of stay. Year fixed effects with year variables were included to control for time-specific effects in the model because we used longitudinal data. First, we modeled the effect of usual source of care on end-of-life transition rate using an ordinary least squares regression analysis and reported the results as " coefficients. Second, we used a multivariate logistic regression to examine the effect of usual source of care on hospice enrollment, which was reported as adjusted odds ratios (OR). 38 Third, a negative binomial model was used to explore the relationship between usual source of care and hospice length of stay. 33 The negative binomial results were reported as adjusted incidence rate ratios (IRR). All analyses were conducted using Stata 11.0 (StataCorp LP, College Station, Texas).
RESULTS
Participant Characteristics
Sample characteristics are presented in Table 1 . Nearly 67% of the sample had a usual source of primary care.
More than half of the sample were male (57%) and nonCaucasian (74%); a small subset had additional private insurance (16%). A third of the adolescents (33%) had a case manager involved in Medicaid service provision. Approximately half of the sample had a neurological diagnosis (51%), with cancer and cardiovascular etiologies following in equal percentages (37%). Not surprisingly, 
Multivariate Analysis
End-of-life transitions. After controlling for covariates, results of the relationship between usual source of care and endof-life transitions are found in Table 2 . Adolescents having a usual source of primary care in the last year of life were associated with a statistically significant increase in endof-life care transitions (" = 1.68, P G .001), compared with adolescents without a usual source of care. A diagnosis of cancer contributed to a statistically significant increase in end-of-life transitions (" = 2.81, P G .001). No other covariates in the model were significantly related to end-of-life transitions. Hospice utilization. Results from the regression analysis assessing usual source of care on hospice enrollment and hospice length of stay are found in Table 3 . Youth with a usual source of care had a statistically significant increased odds of enrollment in hospice care (OR = 4.07; 
DISCUSSION
The goal of the study was to examine the relationship between usual source of care and end-of-life transitions and hospice utilization. More than two thirds of the adolescents included in this study had a usual source of primary care. Adolescents averaged approximately 2 visits with their usual source of primary care in their last year of life (data not shown). It was common for youth to average nearly 3 transitions between providers during the last year of life. Furthermore, only 10% of the sample were ever enrolled in hospice care, and the length of stay for those few was less than 2 days. By comparison, it is estimated that a third of all adult Medicare decedents access hospice services at the end of life. 39 Other related work has shown hospice enrollment for children ranges from 15% to 26%. 36, 40 Primary healthcare providers may be a key for attaining comprehensive patient-centered care at the end of life, and maintaining a usual source of primary care can serve as a medical home during serious illness. 41 Although there are many benefits of a medical home for young people with chronic and life-limiting conditions, 42 an unintended consequence may be increased service utilization as demonstrated by the rise in end-of-life transitions to acute and ambulatory settings. The data did not support the premise that having a usual source of care would decrease end-oflife transitions for adolescents. Changes in available therapeutics and technology have created a historical shift to allow for intensive medical regimens and an uptake in burdensome transitions before the end of life. 8, 10, 11 One potential explanation is that those with the most intense medical regimens, symptom experience, and subsequent service utilization were more likely to maintain contact with their primary care provider; hence, we cannot rule out reverse causation. Further longitudinal study is warranted to elucidate end-of-life care trajectories for adolescents and to determine the temporal effect of primary care involvement on transitions at the end of life.
This study provides novel data, and its findings support that having a usual source of primary care within the last year 
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www.jhpn.comof life is associated both with increased utilization of hospice and end-of-life transitions. Previous reports have demonstrated that many states have a robust network of primary care practitioners to offer additional support to Medicaid patients with chronic illnesses, 18, 23, 36, 43 so it is not surprising that this trend would also be evident among those with lifelimiting diagnoses. Primary care providers may be able to offer an additional layer of support through comprehensive symptom-based management, spiritual assessments, discussions surrounding goals of care, and advance care planning. 44 Previous research suggests that older children with routine access to primary care may have long-standing relationships with those providers, and leveraging the trust inherent in those relationships may help young people engage in end-of-life discussions. 45 Furthermore, allowing adolescents to actively participate in goals of care and advance care planning discussions may lead to an uptake in hospice services. 46 Another interesting finding was that adolescents with a cancer diagnosis were more likely to use hospice than those with a noncancer diagnosis. This trend is pervasive among older adults as well 39 and is also supported by previous pediatric data because of, in large part, the fact that malignancies are the leading nonaccidental cause of death in the adolescent population. 1, 8, 47 Aside from epidemiologic trends, it is likely that a cancer diagnosis may offer a more concrete ability to prognosticate compared with noncancer etiologies, which is imperative for hospice enrollment. 48 Despite this, the ability to offer a 6-month or less life expectancy is cited as a primary barrier to hospice enrollment, particularly among children, where it is generally much more difficult to offer families a prognosis estimate and facilitate a therapeutic conversation focused on prognosis compared with adults. 12, 49, 50 Although our data did not permit an examination of specific cancer diagnosis and their relation to end-of-life care, future research exploring the different cancer types is warranted.
There are several current policy considerations that will likely affect transitions and hospice utilization. Under the Patient Protection and Affordable Care Act, accountable care organizations (ACOs) will be the predominant mechanism for ensuring high-quality patient outcomes at prospective per-capita costs, particularly for those children enrolled in Medicaid. [48] [49] [50] Many ACOs will be operationalized as treatment is provided in a patient-centered medical home. In addition, many states have now the option of pursuing Medicaid managed care models for the long-term care needs of patient populations with chronic illness. However, advocates in this community are concerned that these policy shifts will vastly destabilize the already limited access to home-and community-based services, including hospice. 51 To this end, coordination of primary care providers with specialists, and maintenance of a patientcentered medical home, will be central to integrated and high-quality care delivery for people with life-limiting and life-threatening conditions. A much needed area of future inquiry focuses on the effect of ACOs on hospice utilization for young people.
Several limitations in this study merit comment. Even though the ''usual source of care'' was operationalized in ways similar to previous research endeavors, 23 there is a chance that this variable did not capture all sources of usual care, for example, nurse coordination. There is potential selection bias for the use of the California Medicaid database, which only includes children enrolled in fee-for-service Medicaid and Children's Health Insurance Program and not Medicaid-managed care models. Because of this sample, the findings may not be generalizable to adolescents who reside outside of California or have private insurance only. In addition, our analysis was pooled, cross-sectional in nature, and limited to the last year of life of the adolescent, which highlights the need for future research involving panel data studies that precede the last year of life. There may have been other confounding variables associated with hospice that could not be appreciated using this data set. Another limitation was that the data in our analysis was truncated, which is defined as incomplete data because of a systematic selection process. For our study, the systematic selection process was that only adolescents in the last year of life were included. As a result, an adolescent might have hospice claims in the previous year. We evaluated the extent that our data were truncated and potentially biased and found that less than 0.5% of the adolescents may have had claims in the previous year. Thus, we did not model truncation as part of the analysis plan. Finally, our adolescent population was limited to those between the ages of 15 and 20 years, in part because of Medicaid eligibility differences in those 21 years and older. Even so, using the California Medicaid data offers a vital and novel contribution to the literature using a comprehensive claims database for adolescents at the end of life.
CONCLUSION
For adolescents at the end of life, we observed a significant effect of having a usual source of primary care on end-oflife transitions and hospice enrollment and length of stay. To the authors" knowledge, this study is the first to demonstrate a relationship between primary care transitions and end-of-life care outcomes among this adolescent population. Adolescents with life-limiting illness are particularly at risk for fragmented care delivery because of the fact that they are experiencing serious illness coupled with the ''aging out'' of pediatric providers and transition to adult services. The findings also reflect an overall diminished utilization of hospice when compared with other age groups, according to the literature. Very little is known about adolescents" end-of-life care trajectories, and there is a paucity of research assessing (1) longitudinal changes and the effect of earlier hospice initiation for this unique age group; (2) potential relationship of routine access to primary care providers, access to the patient-centered medical home, and service coordination; and (3) policy provisions from the Patient Protection and Affordable Care Act that have the potential to affect access to hospice. Our results suggest that primary care providers may have a profound role in improving quality end-of-life outcomes for adolescents with life-limiting diagnoses.
